Objective. Brain machine interfaces (BMIs) that decode control signals from motor cortex have developed tremendously in the past decade, but virtually all rely exclusively on vision to provide feedback. There is now increasing interest in developing an afferent interface to replace natural somatosensation, much as the cochlear implant has done for the sense of hearing. Preliminary experiments toward a somatosensory neuroprosthesis have mostly addressed the sense of touch, but proprioception, the sense of limb position and movement, is also critical for the control of movement. However, proprioceptive areas of cortex lack the precise somatotopy of tactile areas. We showed previously that there is only a weak tendency for neighboring neurons in area 2 to signal similar directions of hand movement. Consequently, stimulation with the relatively large currents used in many studies is likely to activate a rather heterogeneous set of neurons. Approach. Here, we have compared the effect of single-electrode stimulation at subthreshold levels to the effect of stimulating as many as seven electrodes in combination. Main results. We found a mean enhancement in the sensitivity to the stimulus (d ) of 0.17 for pairs compared to individual electrodes (an increase of roughly 30%), and an increase of 2.5 for groups of seven electrodes (260%). Significance. We propose that a proprioceptive interface made up of several hundred electrodes may yield safer, more effective sensation than a BMI using fewer electrodes and larger currents.
Introduction
Efferent brain machine interfaces (BMIs) have progressed tremendously since the first demonstrations of two-and threedimensional cursor control in 2002 [1, 2] . However, despite the increased complexity of control, virtually all implementations rely on visual feedback to plan and guide movement. The critical role of proprioception is highlighted by a small group of patients who have lost proprioception yet retain normal muscle strength. These patients make movements that are significantly impoverished compared to normal [3] . There is only a single example that we are aware of, in which proprioceptive feedback was used to augment vision during BMI control [4] . That study used recordings from the primary motor cortex (M1) of a monkey to predict intended hand movement. These movement predictions were used to move not only the cursor, but also the monkey's own limb via a KINARM (BKIN Technologies) exoskeleton. When the monkey learned to relax and allowed its arm to be moved passively, several of the metrics used to evaluate the quality of the BMI-guided cursor movements showed improvements over the vision-only condition.
While this natural proprioception demonstration suggests that restoring somatosensation may improve the quality of BMI movement control, it does not offer a practical means of doing so. This limitation needs to be overcome if we are to develop an afferent interface that would complement existing efferent interfaces. Consideration has been given to electrical stimulation applied in the periphery [5] [6] [7] as well as in the central nervous system [8] [9] [10] . The cochlear implant is a successful example of an afferent interface, by now used to restore hearing in over 200 000 patients in 70 countries [11] . Analogous attempts to use cortical stimulation are much less well developed [12, 13] . For a patient with a complete spinal cord injury, only the central approach to restore proprioception would be possible. These and other considerations essential to the development of a somatosensory interface have been reviewed recently [14] .
Preliminary experiments toward a somatosensory cortical neuroprosthesis have been carried out by several groups [8, 10, [15] [16] [17] , although most of these addressed the sense of touch rather than proprioception. A few of these experiments used stimulus trains designed to be biomimetic, including early experiments which demonstrated that monkeys could interpret the frequency of intracortical microstimulation (ICMS) in area 3b much as they interpreted mechanical stimulation of the respective field of their fingertip [10, 17] . In recent experiments, monkeys readily substituted ICMS in either area 3b or area 1 for force of indentation applied to the fingertip [18] . Other experiments have evaluated the monkey's ability to extract useful information from arbitrarily designed stimulus trains meant to replace the sense of touch by stimulating area 1 [9] and proprioception through stimulation near the border of areas 1 and 2 [19] .
Because of the considerable redundancy in the motor system, the roughly 100 single neurons that can be recorded with 100 electrodes yield a large amount of movement related information. In contrast, somatosensory stimulation for perception has quite different logistics. It is neither possible nor effective to activate single neurons with ICMS; activation of a small number of neurons would be unlikely to reach perceptual threshold, much less yield a robust sensation. Assuming an excitability constant of 1300 μA cm −2 , stimulation with a 100 μA current will activate neurons within approximately 300 μm of the electrode tip [20, 21] ; this region corresponds to a volume of 0.11 mm 3 and includes about 10 000 neurons [22] . Although there is a rough somatotopy in areas 3a and 2, these maps are not as well defined as the corresponding tactile maps in areas 3b and 1. Furthermore, there is only weak tendency for neighboring neurons in area 2 to have similar preferred directions (PDs) [23] ; in that study, pairs of neurons recorded from the same electrode were twice as likely to have PDs aligned within 30 degrees than pairs of neurons recorded from different electrodes, separated by 400 μm or more. Homogeneity in the PD of activated neurons is thus likely to be increased by using lower stimulation currents. The use of a large number of electrodes, each delivering a low current, might be expected to activate a larger number of more nearly homogeneous neurons than could be achieved with higher currents delivered through fewer electrodes. However, there has been very little study of the effect of simultaneous stimulation on multiple electrodes. Investigators have tested several pairs of electrodes chronically implanted in the primary visual cortex of a patient blind for 22 years [24] . Across three such combinations, stimulation of the second electrode reduced the detection threshold of the first by 13%. In a fourth pair there was a 37% change, and no effect in a fifth pair.
In this study, we have systematically compared the effect of single-electrode stimulation at subthreshold levels to the combined effect of as many as seven electrodes. In nearly 250 experiments in two monkeys, we have found a mean enhancement in stimulus effects of approximately 30% for pairs of electrodes, and much larger effects for larger groups of electrodes. We suggest that an afferent BMI making use of 5 to 10 μA currents across several hundred or more electrodes may yield safer, more effective activation than larger currents across a small number of electrodes.
Methods

Monkeys
All surgical and experimental procedures were approved by the Institutional Animal Care and Use Committee of Northwestern University. Two male rhesus macaque monkeys (monkey P: 11 kg and monkey K: 12 kg) were each implanted with a 1 mm length, 96-electrode, sputtered iridium-oxide microelectrode array (Blackrock Microsystems, Inc.) in the proximal arm representation of somatosensory cortical area 2. Area 2 cells receive combined input from both deep muscle receptors and cutaneous receptors. In earlier recordings using the same localization methods, 90% (198/219) of cells responded during active or passive limb movements, very likely due to input from both types of receptors [25] . During surgery, we used a combination of M1 stimulation (in both monkeys) and recording of S1 activity during joint rotation and skin stimulation (in monkey K) to localize shoulder and arm receptive fields. We attempted to implant the arrays in this physiologically defined arm area (approximately 1.5 cm from midline), at the caudal most extent of the post-central gyrus.
Task
Prior to the implant, monkeys were trained to hold the handle of a two-link planar manipulandum used to control a cursor displayed on an LCD screen. Torque motors built into the manipulandum could be used to deliver force pulses to the handle while the cursor was held in a central target. Monkey P was trained in a task that required him to move to a single outer target within a limited time upon sensing a perturbation. These trials started with both center and outer targets displayed, and the monkey had to maintain the cursor in the center target during a random (0.5-5 s) delay period. The perturbation served as the go cue, and the monkey had 1.4 s to hit the outer target and receive a reward. If the monkey moved before the perturbation was delivered, the trial was aborted. Because the chance level performance was not well defined for this task, we chose instead to train monkey K in a two alternative forced choice task. After holding the cursor in the center target for 0.5 s, the monkey received an audible go cue and two outer targets appeared, one to the right and one to the left of the center target. The monkey moved to the right target if it sensed the perturbation, and to the left if it did not. The monkey received the same reward for successful trials, whether they were true positives (hits) or true negatives.
After each monkey learned its respective task, the force pulse was replaced by ICMS, which was the stimulus used for the experiments reported here. Manipulandum position and force, and ICMS timing were collected using a 128-channel Cerebus data acquisition system (Blackrock Microsystems). Stimuli were randomly delivered and interleaved with 60% no-stimulation trials. A reward was delivered after each successful trial. Typically, fewer than 20% (monkey P) and 15% (monkey K) of the no stimulation trials were false alarms.
ICMS
ICMS was delivered using the RX7 microstimulator and the MS16 stimulus isolator (Tucker-Davis Technologies, Inc.). The stimulus consisted of a train of 120 biphasic pulses at 330 Hz; each phase lasted 200 μs. The current intensity ranged from 0 to 40 μA, selected randomly on each trial. The stimulus was monitored on the oscilloscope; for monkey K the negative phase preceded the positive phase, while for monkey P the negative phase followed the positive one. To build a psychometric curve, we used five different currents spanning a small range above and below the typical threshold currents that had been previously determined for the monkey.
When using multiple electrodes, all were stimulated simultaneously; these trials were randomly intermixed with single-electrode and no-stimulation trials. Because of the large number of conditions in the multi-electrode experiments, we needed to determine a single current with which to stimulate each electrode. In monkey P, we computed approximate psychometric curves early in each session. From these curves we chose an appropriate subliminal current (one that yielded approximately 30% normalized response probability) for each electrode. This current, typically ranging from 10 to 35 μA (median = 17.5 μA), was applied to each electrode later in the same session in multi-electrode trials involving from three to seven electrodes. In monkey K, we used the same strategy, although based on psychometric curves computed in previous experimental sessions. For both monkeys, the effect of stimulating several electrodes was always compared to the effect of stimulating individual electrodes in the same session, in randomly intermixed trials. The earliest experiments with monkey K used very small currents (4-7 μA). When thresholds increased about four months post implant, we began using larger currents, ranging from 25 to 37 μA.
Statistical analysis
To build a stimulus-detection probability map, we first stimulated each electrode individually at 40 μA. We used a χ 2 test to calculate the probability that the monkey's responses were significantly different from those in the absence of stimulation. Among those electrodes that evoked a significant response, we did further tests using a range of smaller currents. For each stimulus current i, we computed the hit rate (HR i ) for the stimulation trials and the false alarm rate (FAR 0 ) for nonstimulation trials. The sensitivity index d was then computed from
where z(p) is the z-score that inverts the cumulative Gaussian distribution.
The index d characterizes discriminability in signal detection theory [26] . It quantifies the monkey's ability to discriminate presence versus absence of intracortical stimulation without relying on hypotheses about the criterion used by the monkey to translate percepts into the measured responses.
Next we calculate a detection threshold for each electrode by modeling the probability of response, P(i) ≡ HR i . We note that under no-stimulation, when i = 0, there is a nonzero probability of response, P 0 ≡ FAR 0 .We also note that as the amplitude i of the simulating current is increased, the probability of response saturates at a maximum value P max . In order to track the probability of response due to stimulation, we subtract the baseline and define a normalized probabilitȳ
This normalized probability ranges fromP(i = 0) = 0 to a maximum valueP
We model the probability of response under stimulation as
where (i, i th , β) is the sigmoidal function
The two parameters that characterize the sigmoidal function of equation (5), the threshold i th and the slope β, are electrode-specific and follow from the fit of the data to the model of equation (4) . We thus obtain a threshold value i th for the stimulation current of each electrode.
We note that the model defined by equations (2), (4), and (5), can be rewritten in the standard form for psychometric curves:
Of the four parameters in equation (6), two are measuredthe response rates P 0 and P max -and two follow from the fit of the data to the model, the parameters i th and β that characterize the sigmoidal function.
To evaluate the interaction amongst electrodes, we compute a theoretical probability of response to the simultaneous stimulation of n electrodes with a current of amplitude i. Under the assumption that the stimulation of each electrode independently affects the probability of response, the theoretically combined, probability of response due to stimulation isP c (i), given bȳ
The combined effect of multi-electrode stimulation on the sensitivity index d can also be estimated under the independence assumption. The value of d c (i) follows from equation (1):
As before, FAR 0 = P 0 is the rate of spontaneous response under no stimulation. Under simultaneous stimulation of n electrodes with a current of amplitude i, HR i = P c (i) is the total probability of response, which follows from inverting equation (2), namely P c (i) =P c (i) + P 0 (1 −P c (i)), with P c (i) estimated under the independence assumption as per equation (7).
Results
Detection of single-electrode ICMS in somatosensory area 2
We conducted a total of 249 stimulation experiments in two monkeys (P and K) over the course of 25 weeks. Experiments with monkey P were begun nearly a year after the array was implanted, following a series of recording experiments. In contrast, stimulation experiments began two weeks following implant in monkey K. We initially mapped both the arrays in a series of 10-12 sessions using 120 biphasic pulses at a fixed 40 μA stimulus current. We concentrated subsequent experiments on those electrodes that elicited a behavioral response to stimulus significantly different from the behavior observed on randomly interleaved no-stimulus trials (χ 2 test; p < 0.05). By this criterion, we selected 21 of the 95 electrodes for monkey P ( figure 1(b) ) and 87 electrodes for monkey K ( figure 1(d) ). Fourteen of the 21 (67%) electrodes for monkey P were located in the anterolateral quadrant of the array.
The much larger percentage of effective electrodes for monkey K may have been due to the short time between implant and stimulation experiments. After 15 weeks, experiments with monkey K were suspended for three weeks. During this interval, many of the electrodes became significantly less responsive, for unknown reasons. As a result, we split the data from monkey K into two datasets K E (early data) and K L (later data). After the three-week interruption, we selected 43 random electrodes to be retested at 40 μA. At this point, only 12 of the 43 (28%) had scores significantly different from the no-stimulation condition. These electrodes were located mainly in the posterior half of the array, and their scores are represented below the diagonal of each square in figure 1(d) . Electrodes marked with an 'x' were not retested.
In order to characterize the effect of stimulation more completely, we constructed psychometric curves describing the probability of detection as a function of the stimulus current. Figure 2(a) shows an example of a stimulus detection experiment using a single electrode (monkey K). In this session, 31 of 182 no-stimulation trials (17%) were false alarms, in which the monkey incorrectly responded as though there had been a stimulus. At 8 μA, the monkey responded positively in 7 out of 19 trials (37%), a level that was significantly different from the no-stimulation condition (χ 2 test; p < 0.05). For currents at or above 12 μA, the monkey reported detecting the stimuli virtually every time. A sigmoidal fit to the normalized scores yielded a threshold at 9 μA.
We computed psychometric curves for 21 electrodes for monkey P; 67% had a threshold below 25 μA ( figure 2(b) ). The modal threshold was below 20 μA. Psychometric curves for early experiments with monkey K had much lower thresholds: among ten tested electrodes, four had thresholds below 5 μA and three had thresholds between 5 and 10 μA (blue bars in figure 2(c) ). After the three-week interruption, thresholds rose above 10 μA in six of seven electrodes (red bars in figure 2(c) ). The average threshold across all experiments for both monkeys was 26 μA.
Simultaneous stimulation of two electrodes
In order to evoke something like the natural pattern of activity occurring in the cortex when the limb is perturbed, we would expect to need to stimulate across a very large number of electrodes simultaneously. For this reason, it is of great interest to know how the effect of stimulation sums across electrodes. We tested this effect in 95 pairs of electrodes, stimulating each electrode in the pair both individually and together, using currents that were subthreshold based on each electrode's individual psychometric curve ( figure 3) .
To quantify the effect of simultaneous stimulation, we converted all response scores to d measures. We represented the increased likelihood of stimulus detection in terms of the change in d ( d ) due to the simultaneous stimulation of both . The numbers along the curve indicate the number of times the monkey reported detection (numerator) and the total number of trials at that current (denominator). There were 31 out of 182 false alarms (no stimulation, 0 current), and nearly 100% hit rate for currents above 10 μA. Threshold (50% response rate) for this electrode was 9 μA. The data were normalized and fitted with a sigmoid as described in the methods. (b) Distribution of detection threshold for all tested electrodes for monkey P. This includes only those electrodes with a significant response at 40 μA. (c) Thresholds for monkey K, including those in the early data set K E (blue) and those retested in the later dataset K L (red). electrodes relative to the larger of the two d measures for the individual electrodes:
For both monkeys, paired stimulation had significantly greater effect than the most effective individually stimulated electrode ( figure 3(c) ). The distribution of d was unimodal for both monkeys (AIC: monkey P unimodal = 52, bimodal = 53; monkey K unimodal = 86, bimodal = 90). The mean increase in d across all pairs was 0.17 ± 0.5, which was significantly greater than 0 (t-test p = 0.0009). The mean increase for monkey P was 0.14 ± 0.4 (t-test p = 0.02). The mean d for monkey K was larger for dataset K E (0.35 ± 0.3) than for K L (0.13 ± 0.6), and was significant only for K E (t-test p = 0.009). For dataset K E , only 25% of the electrode pairs yielded detection at significantly higher levels than the larger individual electrode (Fisher test, p < 0.05), in part, probably because of the small numbers of repeated trials for a given condition. None of the negative d was significant for any of the datasets. On average, the probability of response to stimulation measured when stimulating two electrodes did not differ significantly from the theoreticalP c obtained in equation (7) There was a weak, negative correlation R between the maximum d of the individual electrodes in the pair and d for the pair: R = −0.14 for monkey K and R = −0.28 for monkey P. Thus, d tended to be somewhat lower for pairs that included a more effective individual electrode. This correlation was significant only for monkey P (p = 0.047). There was however, no correlation between electrode spacing and d , nor was there a significant difference in d between the 43 electrode pairs separated by less than 800 μm and the 50 electrode pairs separated by more than 800 μm (t-test and rank sum test p > 0.1).
Simultaneous stimulation of multiple electrodes
Further increases in d were observed for both monkeys when more than two electrodes were stimulated simultaneously. These experiments required the determination of subthreshold currents for as many as seven electrodes; these subliminal currents were later applied both to the individual electrode and to combinations of electrodes. Several typical experiments are shown in figure 4 , both for monkey P (top) and monkey K (bottom). For monkey P, 92% of the groups of simultaneously stimulated electrodes were more effective than the single most effective electrode in the group. For monkey K, the corresponding number was 78% (χ 2 < 0.05).
Not only did d become larger when larger numbers of electrodes were stimulated, the actual probability of response to stimulation was significantly higher, on average, than the theoreticalP c obtained in equation (7) under the independence assumption (blue lines in figure 4) . For each dataset, combining all cases with more than two stimulated electrodes, the actual normalized responseP was larger than the theoretical combined responseP c (monkey K:P = 0.73 ± 0.22,P c = 0.56 ± 0.25, paired t-test = 0.01; monkey P:P = 0.87 ± 0.21, P c = 0.51 ± 0.16, paired t-test = 0.51e-05). This suggests that there was a nonlinear, facilitatory effect of the combined stimulation.
We computed the increase in detection sensitivity for groups of 2-7 electrodes, and discovered that sensitivity increased progressively with the number of electrodes for both monkeys (figure 5). A line was fitted to this data; its slope was positive and significantly different from zero for both monkeys (monkey P: R 2 = 0.68, t-test of slope = 10 −7 ; monkey K:
In experiments in which seven electrodes were simultaneously stimulated (monkey P), d increased by 2.46, a 260% increase relative to its value when only the single best electrode was stimulated. 
Discussion
Summary of results
In a series of experiments with two monkeys we have demonstrated that the monkey's ability to detect trains of electrical stimulation delivered to area 2 of the primary somatosensory cortex scales roughly with the number of electrodes. This scaling allowed the monkeys to reliably detect stimulation currents that were well below the level of detection of individual electrodes. This potentiation effect increased as the effectiveness of any individual electrode grew smaller, but was apparently not dependent on the spatial separation between electrodes. The use of lower currents on individual electrodes has several important implications, including the ability to implement the activation of a more homogeneous group of neurons, and to reduce tissue and electrode damage.
Effective radius of activation
The volume of tissue activated by ICMS is determined in large part by the magnitude of the stimulus current and the excitability of the neuronal elements being stimulated. The latter is characterized by the tissue excitability constant k, defined as the current necessary for a 200 μs cathodal pulse to evoke a spike from a neuron 1 mm from the electrode tip with 50% probability. The effective current spread is equal to the square root of the current divided by the square root of k [20] . The excitability constant k varies greatly, ranging from 300 μA mm −2 for large myelinated axons to 27 000 μA mm −2 for small unmyelinated cortical neurons [21, 27] . For pyramidal neurons in cat motor cortex, k is approximately 1300 μA mm −2 [21] . The excitability constant in area 2 is likely to be somewhat larger than that of M1, perhaps 2000 μA mm −2 . Therefore, in our experiments, for a stimulus of 40 μA and pulse width of 200 μs, the effect of the current might extend 150 μm from the electrode tip.
Current spread can also be investigated using behavioral methods. Murasugi et al stimulated area MT of monkeys in an attempt to activate these visually sensitive neurons and thus bias the monkeys' discrimination of the direction of motion of partially coherent dots. Stimulation with 1 s trains of 200 Hz, 200 μs pulses was often successful, provided that the current was less than 20 μA. Higher currents presumably spread beyond the 100 μm radius of a single directional column, causing a non-uniform perceptual effect [28, 29] . Similar conclusions were drawn from experiments with blind human patients who received ICMS through electrodes chronically implanted in V1 [24] . With threshold currents mostly below 25 μA, 34 of 38 electrodes produced small, circular phosphenes that were generally colored. As the current was increased, the phosphenes typically became white, grayish or yellowish, possibly due to the activation of increasingly heterogeneous groups of cells. V1 microstimulation has also been used to delay visually guided saccades in monkeys [30, 31] . These experiments imply that 100 μs, 200 Hz trains of 200 μs pulses spread 280 μm from the electrode tip for currents of 50 μA.
Use of multiple electrodes to deliver increased stimulus effectiveness
Cells in area 2 have approximately sinusoidal tuning curves with respect to the direction of hand movement [32] . We have shown previously that the PDs of area 2 neurons recorded from the same electrode are more nearly aligned than those of neurons recorded from adjacent electrodes separated by 400 μm [23] . We found no greater PD uniformity for neurons recorded with 400 μm separation than 800 μm. Electrical stimulation that activates a more homogeneous group of closely spaced neurons might be expected to elicit a more nearly coherent percept than stimulation that spreads over larger distances.
In our study, the average single-electrode current necessary to reach detection threshold was 26 μA, a current that might be expected to excite neurons within a 100 μm radius. However, this average threshold does not include the large number of electrodes that failed to reach threshold at 40 μA and were not tested further. At 40 μA, stimulation probably activated neurons as far as 200 to 300 μm from the electrode tip, near the distance at which PDs no longer tend to cluster [23] . Use of even higher currents to elicit more robust above-threshold effects, could well lead to a loss of specificity as noted above for visual system neurons, thereby yielding less effective perceptual effects. Stimulation across a very large array of electrodes, each with threshold or subthreshold currents, might be expected to generate a much more realistic percept than suprathreshold currents applied to only one or a small number of electrodes.
Use of multiple electrodes to reduce tissue and electrode damage
In addition to providing a more natural stimulus-driven perception, the use of multiple electrodes and lower currents is also likely to lead to less damage to both the electrodes themselves and the surrounding tissue. Beyond the trauma caused by the array insertion during surgery and the consequences of the bio-incompatibility of the electrode, stimulation can generate toxicity [33] and changes in both intracellular and extracellular ionic concentrations [34] .
The amounts of charge/phase and charge density have a synergistic effect, such that greater total charge can lead to electrode damage with smaller charge density. For the sputtered iridium oxide electrode film arrays that we used, the damage threshold using 50 Hz trains and 100 μs pulse width occurred at either a combination of 60 nC charge and 1.9 mC cm −2 charge density, or 80 nC charge and a charge density of 1.0 mC cm −2 [35] . The mean detection threshold current of 26 μA in our experiments corresponds to only 5 nC/phase and 0.25 mC cm −2 charge density, well below the level expected to cause damage to the electrodes. The threshold for tissue damage using SIROF electrodes is somewhat lower than that for electrode damage, but still well above the levels of charge and charge density used in our study [35] .
Several studies have shown that stimulation causes acute decreases in electrode impedance. These changes largely recover between sessions, suggesting a reversible electrochemical reaction rather than cumulative damage [36, 37] . In one of these experiments, investigators tracked impedance changes over 200 days and found no difference between electrodes receiving intermittent stimulation at 15 to 30 μA and those receiving no stimulation [37] . Neither study found any deleterious effect of stimulation on the ability to record action potentials. Indeed, there is some evidence that the acute effects of stimulation may actually improve recording quality [36] .
The low stimulus currents proposed here appear to be relatively safe with respect to both tissue and electrode damage. However, given the much longer periods of stimulation that might be encountered in actual clinical applications, some caution would still be warranted. Cell loss occurred following 30 days of continuous stimulation at 4 nC/phase and 50 Hz for 8 hours/day [38] . Fortunately, continuous stimulation at 50 Hz is likely to be much higher than a typical application would require. At 50% duty cycle (1 s on, 1 s off), the radial extent of damage decreased from 150 to 60 μm, a level that was nearly the same as that of the unstimulated electrodes. Anecdotal observation was made in one study of seizures caused by concurrent stimulation of 72 electrodes in primary motor cortex at 25 μA [37] . Any stimulus regimen must be far below the level that might induce seizure activity, a precaution that may necessitate currents no higher than 5-10 μA. Here we report behavioral effects due to the simultaneous activation of electrodes. The enhanced detection achieved with very low levels of activation of the individual electrodes is an encouraging and promising result.
